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STANDARDIZATION OF VIGOR TESTS
]ames C. Delouche 1
Vigor testing of seed is surrounded by much confusion and controv~rsy. The confusion is mostly associated with the multitude of vigor
tests developed and promoted during the past 25 years, the lack of
workable definitions of seed vigor and vigor tests, and excessive variability in vigor test results and their interpretation. The controversy
in seed vigor testing derives from the fear of some and the hope of others
that vigor tests will become more widely recognized as a major means
of establishing the planting value of seed, and permitted or required
in seed labeling.
The major purposes of this symposium are to dispell some of the
confusion that surrounds vigor testing through in-depth assessments of
the "state of the art," the identification of aspects that need further
development, and the establishment of better communications between
the advocates of vigor testing, and those who view the whole subject
with caution if not apprehension. To a large extent, this symposium is
an exposition of the work of the Seed Vigor Testing Committee of the
Association which in addition to the purposes indicated above, has
addressed itself to the very difficult task of establishing guidelines and
procedures for the more important vigor . tests for selected seed kinds.
Under the able direction of Dr. L. W. Woodstock, the committee has
made remarkable progress toward its goals since 1974. Its Progress
Report on the Seed Vigor Testing Handbook ( VCPR) published in the
April, 1976, AOSA News Letter ( 1) represents an important contribution to the area of seed vigor and vigor testing.
Other speakers in this symposium have discussed the various views
regarding vigor, how to measure it, the procedures used in developing
and evaluating vigor tests, the relation of vigor to field performance,
genetic aspects of vigor, and possible means of envigorating seed. It is
my task to discuss "standardization of vigor tests," the area that is least
developed and most seriously impedes the widespread use and acceptance of seed vigor testing.
Aspects of Standardization
Standardization of the two paramount aspects of seed vigor tests, viz.,
methodology and interpretation, is crucial for their routine and meaningful use. Although these two aspects are treated separately here, it
is for convenience only. Test methodology, test results and their interlSeed Technology Laboratory, Mississippi Agricultural and Forestry Experiment
station, Mississippi State University, Mississippi State, MS 39762.
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pretation are so inextricably linked that a vigor test really has no meaning
unless the results obtained can be interpreted in terms of a probable
level of "seed performance" in storage or in the field. At least part of
,the confusion surrounding vigor testing arises from a conscious or
unconscious disassociation of vigor test results and economically important-in terms of crop production-aspects of seed performance.
Therefore, in considering the standardization of vigor test methodology
and interpretation separately I assume that the vigor tests considered
are at least generally relevant to important attributes of performance,
and that the major concerns are uniformity and reproducibility of results,
and their "practical" interpretation.
Levels of Standardization
Vigor testing is or can be used for a variety of purposes ranging from
educational campaigns for contract growers to identification of superior
quality grades in seed marketing. The level or degree of standardization
needed in vigor testing and the ease with which it can be achieved is
largely determined by testing objectives or purposes.
The technology of vigor testing has been effectively used for over 25
years in the quality control laboratories of the larger seed companies.
Obviously, these laboratories have been able to achieve an in-house level
of standardization in vigor testing adequate to obtain the desired information. Many other seed companies with lim~ted or no research and
development capabilities have taken advantage of the considerable body
of information on vigor testing published in the last 10 years and have
established vigor testing in their quality control programs.
In my judgement, standardization of vigor tests, or rather the lack
thereof, is not a major constraint to their use in in-house quality control
programs. Inadequate training, facilities and staff, poorly informed management, and improper use of the information derived from vigor tests
are much more serious problems. In-house application of vigor testing
technology and routine vigor testing, however, are quite different matters, especially when objectives of the latter are to establish and promote
a quality claim, or to verify such a claim. A much higher level of standardization, hence, uniformity in tests results and their interpretation,
than presently realized must be achieved before vigor tests can be used
in a routine and orderly manner in seed labeling and inspection. The
challenge before us, therefore, is to accomplish the things that need to be
done to extend the uses of vigor testing from the quality control laboratory into the traditional seed testing arena. These tasks will be easier
if we recognize and take maximum advantage of the vast experience
gained in in-house application of vigor testing technology.
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Procedures and Methodology
Standardization of the procedures and methodology of vigor tests is
necessary for the same reasons as is standardization of the methods for
any other test for seed quality. Test results must be reproducible at
different times and in different laboratories before a test can be installed
as a routine laboratory procedure.
Standardization of a seed quality test essentially involves the identification of all the variables which significantly influence test results, and
the incorporation of adequate measures for the control of each-except
the seed quality variable to be evaluated-in the test conditions, procedures, and materials. It is usually not too difficult to identify, control,
and, thus, standardize the major obvious variables such as sample size,
temperature, test duration, unit of measurement, and so on. Rather,
inconsistencies in test results usually arise because (a) unidentified, or
partly understood, hence, uncontrolled variables, affect test results,
(b) a variable is recognized as important but control of it is seemingly
impossible or too "inconvenient," (c) short cuts are taken which reduce
the effectiveness of control mechanisms, and (d) the degree of control
exercised during the test is not sufficiently rigorous. These "causes" of
test variation, singlely and in combination, are involved in many of the
problems encountered by users of the various vigor tests. And, the
problems will continue until the causes are eliminated through a greater
degree of standardization and control of test procedures, conditions, and
other methodology.
The problems involved in standardizing seed vigor tests can best be
considered by examining several of the more widely used tests and the
variables that affect results.

Cold Test (corn)
The cold test has been used for over 30 years to evaluate the emergence
potential of corn seed in the cold, wet soil conditions frequently encountered in early plantings ( 7, 9). In the cold test, these adverse seed bed
conditions are simulated arrd the results obtained are taken as indications
of the emergence potential of seed lots under such conditions ( 2, 7, 8, 9).
The identified, significant variables that influence responses of corn
seed in the cold test are shown diagrammatically in Figure 1. These
include the temperature regimes during and after incubation, length of
incubation and post-incubation periods, type and adequacy of seed treatment, and a host of variables associated with the soil media.
The detailed description of cold test methods and procedures in the
VCPR takes into account all of the important variables in the test except
the one that has eluded standardization since the test was first developed,
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Figure 1. Diagrammatic representation of external variables affecting cold test
responses of corn seed.

viz, the soil media. Regarding the soil media of the cold test, the VCPR
states ( p. 19) :
"Because cold tests involve the use of soil, which is a variable
material, both physically and biologically, they cannot be readily
standardized so that uniform results can always be obtained from
one laboratory to another. Cold test results primarily provide comparisons between lots rather than absolute values for seed germination. Users of cold test results must acquaint themselves with the
relationship between these results and field performance in order to
make intelligent decisions based on cold tests.
"The interpretation of the results of the cold tests is facilitated by
using control samples of known performance with each sample or
group of samples under test."
The seemingly insurmountable problem of soil media variability in
the cold test has largely confined it to use in the in-house quality control
programs of hybrid corn seed companies. A few commercial and official
laboratories do make and interpret cold tests on a service basis. In these
cases, however, the services rendered are essentially a phase of the customer's quality control program.
The problem of soil media variability in the cold test has undoubtedly
contributed to the development and use of the many versious of the
test, which range from the "rag -doll method to the deep-soil (flat)
version. Users of the cold test have developed variations on the theme
which provide the most consistent and meaningful information in their
individual situations.
The cold test is the foremost example of a seed quality test that has
been effectively adapted to in-house use despite failure to achieve the
degree of standardization required for "standard" seed tests such as the
purity or germination test. The long-term, successful in-house use of
the cold test, however, should not dissuade users and researchers from
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attempts to devise better control mechanisms so as to reduce variability
of the test and permit it to be up-graded to a standard test.
The extract from the VCPR on tht cold test quoted previously states
that interpretation can be facilitated through use of control samples of
known performance in each round of testing. Further development of
this "control mechanism" and extension of its use beyond the confines of
an individual laboratory offer an excellent opportunity to achieve a degree
of standardization of the cold test at least adequate for its limited routine
use in many more commercial and official laboratories. For example,
two control samples representing the maximum and minimal acceptable
levels of cold test responses (for marketing) could be produced in quantities sufficient for a 3-5 year period through cooperative arrangements
with one or more seed companies. The seed could be stored in a room
conditioned for long term storage and made available by the same or
other cooperators. Samples could then be distributed to interested laboratories once or twice each testing season for use in each round of testing.

Accelerated Aging Test
The accelerated aging test was developed to evaluate the relative
storage potential of crop seed lots ( 5). It was early recognized, however,
that storage potential is related to the degree of deterioration of seed,
hence, to vigor, and that the test would also be effective in evaluating
the vigor of seed lots ( 3, 6).
The primary variables in the accelerated aging test were identified and
taken into account in the early descriptions of methodology and equipment. Several less obvious variables, however, were originally considered
to be of much less importance than they actually are, or were not identified. These variables together with "short cuts" in procedures and equipment are the major causes of inconsistences in accelerated aging test
results within and among laboratories.
The primary variables in the accelerated aging test are temperature,
the percent relative humidity of the air surrounding the seed, time or test
period, and, of course, the quality of the seed to be tested (Figure 2).
Other variables which can significantly affect test results are: the evaporative surface (water) I absorptive surface (seed) ratio, viz., the size and
number of samples in the chamber; the initial moisture content of the
seed; germination conditions following aging; and criteria used in interpreting germinative responses ( 4). Several procedural factors also affect
test results: method used to minimize condensation and prevent condensate from contacting seed and its efficacy; type of container used
for seed especially as related to freedom of air movement and the condensation problem; and effectiveness of decontamination (clean-up)
procedures.
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Figure 2. Diagrammatic representation of external variables affecting accelerated
aging test responses.

There do not appear to be any uncontrollable variables in the accelerated aging test as there are in the cold test. It should be possible, therefore, to achieve a high degree of standardization, hence, uniformity of
test results. The description of the accelerated aging test for soybeans
in the VCPR ( 1) represents a good start toward standardization. It needs
to be revised and expanded, however, to provide the necessary guidance
for control of the more recently identified variables as given above.
Additional development work also needs to be done to determine the
"levels" at which the variables need to be controlled for best results.

Cool Germination and t:t:Rate" Tests
A cool germination test for cotton and several germination/ seedling
growth rate tests are described in the VCPR. In tests of this type,
emphasis is most often on standardization and control of the obvious
primary variables such as temperature regime, type of substrata, test
period, and type of t:t:rate" measurement or interpretation criteria. The
VCPR considers these variables in some detail and also takes into
account other significant variables which are often ignored or rather
t:t:loosely" controlled. For example, dark conditions are specified so as
to eliminate any 'beating" effect of radiation on tests in containers and
the influence of light intensity on rate of elongation. The great influence
of substrata moisture/ aeration relations on rate processes is also pointed
out and guidance given for standardizing this relationship.
Rate tests and cool germination tests are relatively easy to standardize
and control Hon paper." The difficulties usually arise in translating
t:t:on-paper" prescriptions into operational procedures.
Precision in Methodology and Procedures
Short cuts in procedures, methodology and equipment, and inadequate
control of test conditions were implicated earlier as major sources of
variability in vigor testing. In my view, these sources of variability are
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much more important than generally recognized. Indeed, lack of appreciation of the precision required in vigor testing is probably a greater
impediment to standardization than deficiencies in guidelines and pre~criptions per se. It is certainly ironic that this "lack of appreciation" may
be a legacy from experiences in germination testing which is often
represented as the model for vigor test standardization work.
The various rules for seed testing prescribe germination test procedures
in considerable detail. In many seed testing laboratories, however, germination test prescriptions are applied rather loosely, especially for the
large seeded field crops such as corn, soybeans, sorghum, cotton, peanuts,
etc. The rules provide for a variety of substrata and many types are
used. Moisture control procedures range from enclosure of each repetition or set in plastic bags to re-wetting twice daily. Many types of
germinators with widely differing temperature control capabilities are
used. Temperature often fluctuates as much as -+-3 C around the set
point at any specific site in the germinator with differences in average
temperature among sites in the germinator of similar magnitude, i.e., 3 C,
or greater. The number of counts during the germination test ranges
from one (final) to three or more, while deviations from the test period
of a day or more are not uncommon. For the kinds of seed mentioned
earlier, i.e., corn, soybeans, cotton, etc., rigorous control of germination
test conditions is not very critical. The seed germinate equally well over
a fairly wide range of conditions around the optima within the relatively
long test periods prescribed. The situation, however, is quite different
in vigor testing, especially where responses under stress or marginal conditions are evaluated, or the rate of a specific process measured. In
these cases even slight deviations from the prescribed temperature,
moisture supply or time have a great effect on results. The importance
of precise control of conditions in vigor testing can be illustrated in a
few examples. The VCPR ( 1, p. 18) prescribes a temperature of 18 C
and test periods of 6 and 7 days for acid and machine delinted seed,
respectively. The temperature prescribed is marginal for cotton and a
slight deviation from it has a pronounced effect on results as evident in
the following average germination percentages of 15 lots of machine
delinted cotton seed at 16, 18 and 20 C during a 7 day test period ( 4).

16C

18C

20C

18%

67 %

83%

Accelerated aging tests are made under conditions of extreme stress
for seed. Precise control of temperature, humidity, and exposure time
is critical. Germinative responses of four soybean seed samples averaged
13 % less after exposure to 42 C for 72 hours than after 41 C for the
same period. Germination percentages after AA also significantly in-
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creased as the distance between the seed sample· and the water surface
within the chamber increased ( 4).
Test periods for germination and growth rate tests are often prescribed
in days. This is not precise enough. Hours rather than days should be .
prescribed. Seedlings from seeds planted in late afternoon and measured
in the morning 5 days later can be significantly smaller than those planted
at the same time but not measured until late afternoon. In the first case
the time period is 42h days while in the latter it was a full 5 days. When
alternating temperatures are used, the differences can be even greater.
The examples given above should demonstrate the critical importance
of precise control of conditions in vigor testing. Users of vigor tests
must "shake-off'' the legacy of loosely applied, often make-shift methodology gained in germination testing and accept the substantially greater
investment in equipment, supplies and time required for vigor testing.

Interpretation/Calibration of Results
Differences in "vigor" among seed lots can be rather easily demonstrated
(and established) by many different laboratory tests. High correlations
are usually obtained among the results of different tests, and of these
results with selected seed responses such as rate of germination and
seedling growth, and rate of transfer of reserve tissue dry weight to the
developing "seedling." Relative ra:rikings for vigor within a group of
seed lots subjected to the same test at the same time are also not difficult.
Problems and difficulties are encountered, however, in attempting to
relate the results of a vigor test to a probable level of performance of
the seed lot in the field on a one-to-one basis.
Several laboratories-official and commercial-have begun to do vigor
testing on a service basis for seed companies and farmers. In many
cases the tests are made and the results reported to the customer with
little or no explanation of their meaning or significance. I know this is
happening because our laboratory receives many calls from both seedsmen and farmers asking about the results of a vigor test received from
some laboratory. Farmers usually want to know whether a seed wit.h
an 65 % accelerated aging test result, for example, or a 77 % cool germination test is good enough for planting, while seedsmen want to know
if a specified result means the seed lot is low, medium or high in vigor
as compared to other lots available in the trade.
Results of vigor tests without some attached interpretation of their
meaning or significance in terms of field performance or storability are
of limited value except for in-house rankings of lots for quality. The
VCPR descriptions of the procedures and methodology of selected vigor
tests do not-in my view-provide much guidance on interpretation of
results. With one exception the write-ups just do not "come to grips"
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with the problem of the meaning and significance of vigor test results.
The one exception is the conductivity test. The guidelines for this test
include an excellent section on interpretation as follows ( 1, p. 24) :
"24 micromhos/ gram or less- Nothing to indicate that the seed is
not suitable for early sowing.
25-29 micromhos/ gram Seed may be suitable for early sowing,
but there is some risk of poor performance if conditions are bad.
30-43 micromhos/ gram Seed probably not suitable for early
sowing.
44 micromhos/ gram or more - Seed probably not suitable for sow. ,
1ng.

The guidelines for interpretation of conductivity test results are cast
in terms of probable field performance (emergence and stand establishment) in the "early sowing season." Field conditions during this period
are usually least favorable and stand establishment most closely correlated with vigor level of the seed. The conductivity test interpretation
guidelines are also given in concise but easily understood terms.
Vigor test results are often reported as high, medium and low, or
strong and weak. These categories are ·much better than the straight
reporting of numerical results, but they still do not provide the information needed by farmers and seedsmen, at least not at the present stage
of development of vigor testing. They need to be related to probable
responses of the seed in the field.
The Mississippi State Seed Testing Laboratory has developed a sort
of interpretative commentary for the two vigor tests it conducts on a
service basis-the TZ vigor rating, and the cool germination test (cotton).
A copy of the commentary is attached to all vigor test reports. It gives
the rationale for the vigor test and provides guidance on interpretation
of the results through examples. Interpretative commentaries represent
a substantial advance over high, medium, and low categories, but they
tend to be too wordy and the examples given are over-simplified.
The AOSA Seed Vigor Testing Committee should work closely together
with its sister committee in ISTA to develop a "standard" format for
reporting and interpreting vigor test results as soon as possible. If this
is not or cannot be accomplished in the next year or two, analysts, farmers
and seedsmen are likely to become so confused that vigor testing will
again be placed on the back burner.
Deficiencies in the interpretation and reporting systems used for vigor
tests and the resulting confusion are further compounded by deficiencie~
(or variations) in procedures and methodology as discussed earlier. A
personal experience might be helpful in communicating my concern that

JOURNAL OF SEED TECHNOLOGY

84

vigor testing might become totally discredited unless situations that now
exist are corrected. At a convention last year ( 1976) a seedsman asked
to meet with me over coffee. He was perplexed about vigor test reports
received by his company and a customer from several laboratories. After
reviewing the reports, I was even more perplexed.
The customer (a seed dealer) specified "good vigor" in his purchase
contract with the seed company. The company sent samples from six
lots of cotton seed to two laboratories for cool germination tests. Results
reported were as follows:
Lab A

Lot
56 %
72 %
61 %
34 %
76 %
71 %

A
B

c

D
E
F

Med.
High
Med.
Low
High
High

Lab B
vigor
vigor
vigor
vigor
vigor
vigor

Vigor,
Vigor,
Vigor,
Vigor,
Vigor,
Vigor,

70 %
86 %
68 %.)
57 %
89 %
81%

On the basis of these results, the company filled the order with Lots A,
B, C, E and F. After the seed were delivered, the customer resampled
the five lots and sent the samples to still another lab (Lab C) for vigor
testing. Lab C used a "4 day count" from the standard germination test
to evaluate vigor. The results reported were:
Lot
A
B

c
E
F

Lab C Results
38 %
61 %
47 %
66 %
55 %

~

Poor vigor
Good vigor
Poor vigor
Good vigor
Poor vigor

The customer demanded that the company pick-up Lots A, C, and F
and replace them with "good vigor" lots, and the company eventually
complied with the demand after sending samples to Lab C for test to
identify lots with "good vigor."
The seedsman asked what could be done about situations such as the
one in which he got involved. My response that we needed to do more
work on standardization and more training of analysts did not seem to
satisfy him.
Recommendations
This discussion has emphasized the causes and consequences of
variability in vigor test results with a f~w suggestions for improvement.
In lieu of a summary and to conclude on a positive note, I offer several
recommendations. The recommendations are directed at all users of
'
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vigor tests, seed researchers, and especially to the AOSA Seed Vigor
Testing Committee, its sister committee in ISTA, and the NSTSL.
1. Develop a "standard," meaningful and concise format for reporting
and interpreting vigor test results.
2. Revise descriptions of vigor tests in the VCPR to (a) provide for
control of all significant variables, (b) increase the precision of
control procedures, (c) standardize equipment and supplies as
well as procedures, and (d) incorporate more meaningful guidelines for interpretation of results and the standard format recommended above.
3. Change the format of the VCPR write-ups of vigor tests from a
primarily exposition type to concise prescriptions on procedures,
methodology, and equipment.
4. Organize and conduct regional workshops in vigor testing annually
for the next five years.
5. Establish cooperative regional programs to gather data needed
for better "calibration" of vigor test results with probable performance (emergence and stand establishments) of seed under a broad
spectrum of conditions. These programs could be a component of
or at least coordinated through the workshops proposed in 4.
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